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(54) METHOD FOR FORMING CIRCUIT PATTERN UTILIZING INK-JET PRINTING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for forming novel circuit pattern in which 
when a conductive metal paste is jetted and applied onto a substrate by utilizing an ink-jet 
printing method, or baked, a low-resistance and ultrafine circuit pattern can be formed with a 
superior adhesion and a smooth surface profile. 

SOLUTION: When a circuit pattern of a wiring substrate is plotted by utilizing an ink-jet system 
as a conductive metal paste to be used, metal ultrafine particles having mean particle size of 1 
to 100 nm are uniformly scattered in a resin composition, and the surface is clad with one kind 
or more of compounds having a group containing nitrogen, oxygen, and sulfur atoms as a group 
to be coupled with a metal element in a coordinative manner. The resin composition contains a 
thermosetting resin compound functioning as an organic binder, a compound having 
responsibility with a group containing nitrogen, oxygen, and sulfur atoms when heating, and at 
least one kind or more of organic solvent. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Said conductive metal paste which is the approach a conductive metal paste 
performs drawing formation of the circuit pattern of a wiring substrate, and is used 
using an ink jet method It is the conductive metal paste which comes to distribute the 
ultra-fine particle of detailed mean particle diameter to homogeneity in the resin 
constituent containing an organic solvent. The ultra-fine particle of said detailed mean 
particle diameter It is chosen as the range the mean particle diameter of whose is 
1-100nm. An ultra-fine particle front face As a radical in which the metallic element 
contained in this ultra-fine particle and coordination-association are possible It is 
covered with one or more sorts of compounds which have nitrogen, oxygen, and a 
radical containing a sulfur atom. As a minute drop with the drawing means of an ink jet 
method In the process which draws the circuit pattern which injects and applies and 
consists of spreading film of said conductive metal paste on a substrate, and the 
temperature at which heat curing of said thermosetting resin is made at least in the 
spreading film of the drawn conductive metal paste The formation approach of a 
circuit pattern of using the ink jet print processes characterized by having the 
process to heat-treat. 

[Claim 2] said resin constituent be the formation approach of the circuit pattern 
indicate by the nitrogen , oxygen , the component that have reactivity with the radical 
containing a sulfur atom , and claim 1 characterize by include the organic solvent more 
than a kind at least to one or more sorts of compounds which have said nitrogen , 
oxygen , and a radical containing a sulfur atom when it heat , the thermosetting resin 
component which function as an organic binder , and . 

[Claim 3] The liquid which comes to distribute the ultra-fine particle covered with one 
or more sorts of compounds which have said nitrogen, oxygen, and a radical containing 
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a sulfur atom in the process which draws a circuit pattern in an organic solvent, The 
drawing means of each ink jet method is used for the thermosetting resin component 
which constitutes said resin constituent, nitrogen, oxygen, the component that has 
reactivity with the radical containing a sulfur atom, and the liquid containing an organic 
solvent. The formation approach of the circuit pattern indicated by claim 2 
characterized by injecting and applying on a substrate, mixing with both liquid on a 
substrate, and forming the spreading film by the conductive metal paste. 
[Claim 4] The formation approach of the circuit pattern indicated by claims 1 or 3 
characterized by using an acid anhydride, its organic derivative, or an organic organic 
acid as a component which has reactivity with the radical containing said nitrogen, 
oxygen, and a sulfur atom. 

[Claim 5] The ultra-fine particle of detailed mean particle diameter contain in a 
conductive metal paste be the formation approach of the circuit pattern indicate by 
claims 1 or 3 characterize by be the particle which consist of one kind of metal 
choose from the group which consist of gold , silver , copper , platinum , palladium , a 
tungsten , nickel , a tantalum , a bismuth , lead , an indium , tin , zinc , titanium , and 
aluminum , or the particle of the alloy which consist of two or more kinds of metals 
[Claim 6] The formation approach of the circuit pattern further indicated in the 
process to heat-treat by claims 1 or 3 characterized by performing sintering of said 
metal particles contained in the conductive metal paste in the drawn spreading film in 
the temperature at which heat curing of said thermosetting resin is made at least. 
[Claim 7] The organic solvent more than a kind contained during said conductive metal 
paste which said drawing means of an ink jet method is a drawing means of a thermal 
method to generate air bubbles by heating foaming and to perform the regurgitation of 
a drop, and is used is the formation approach of the circuit pattern indicated by claims 
1 or 3 to which the boiling point is characterized by being the following whenever 
[ stoving temperature / of said heating foaming ]. 

[Claim 8] For the boiling point, the organic solvent more than a kind contained during 
said conductive metal paste which is a drawing means of a piezo method by which the 
compression for which said drawing means of an ink jet method uses a piezo-electric 
element performs the regurgitation of a drop, and uses is the formation approach of 
the circuit pattern indicated by claims 1 or 3 to which it is characterized by being 
below the aforementioned temperature at which heat curing of thermosetting resin is 
made at least. 

[Claim 9] It is the formation approach of the circuit pattern indicated by claims 1 or 3 
characterized by containing the resin constituent per ultra-fine particle 100 mass 



P. 1/21 J0009635US01 



section and containing said organic solvent in the range of the 50 - 300 mass section 
during said conductive metal paste, and containing said organic solvent in the range of 
the 20 - 270 mass section inside. 

[Claim 10] The thermosetting resin component which is used for said resin 
constituent and which functions as an organic binder is the formation approach of the 
circuit pattern indicated by claim 3 characterized by being resin made from heat 
curing in which a heating polymerization is possible considering said acid anhydride, its 
organic derivative, or organic organic acid as a polymerization agent. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of being the low 
impedance corresponding to digital high density wiring in a rigid and flexible printed 
circuit board, IC chip, a glass substrate, a ceramic substrate, etc., and more 
specifically forming a very detailed circuit pattern with the conductive metal paste for 
supeiHlne printing using ink jet print processes about the formation approach of the 
circuit pattern by the conductive metal paste of using ink jet print processes. 
[0002] 

[Description of the Prior Art] as the approach pf drawing and forming a circuit pattern 
on a printed wired board — many cases — especially, using a metal mask, apply a 
conductive metal paste and, subsequently it carries out [ screen-stencil and ] heat 
hardening — a request — low — circuit pattern formation [ **** ] is performed. The 
drawing approach of using this screen printing is widely applied to the field whose line 
breadth of the circuit pattern formed is not extremely narrow, and what distributed 
the metal powder whose mean particle diameter is 0.5-20 micrometers to the 
thermosetting resin constituent as a conductive metal paste to be used is usually 
used. Moreover, the thickness of the circuit pattern drawn is chosen as the range in 
which the ratio of thickness/minimum line width and an aspect ratio do not become 
extremely small according to the minimum line width formed. 

[0003] Narrow-ization of the wiring pitch of the printed wired board carried in it with 
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the rapid miniaturization of an information terminal in recent years on the other hand 
also progresses, and, specifically, the minimum line width of the circuit pattern formed 
on a printed wired board and thickness also become still narrower with the finization 
of the circuit in a semi-conductor. For example, since the particle size of the metal 
powder to contain is too large relatively in case mean particle diameter will use the 
conventional metal paste using a metal powder 0.5 micrometers or more, if it becomes 
about several microns thickness, sufficient correspondence becomes impossible. Only 
about several microns, metal particles will be in the condition that only 2-3 pieces 
exist, and as a result, in the thickness direction which is not depending on the case, 
thickness distribution may be relatively large, and, specifically, may become 
remarkable [ the variation in conductivity ] in it. In addition, only in some, metal 
particles also become the factor by which conductivity is spoiled greatly, when it does 
not exist and a defect arises in contact of particles partially. 

[0004] Moreover, in order to hold a desired mechanical strength, there is a limit in the 
thin film-ization and there is a limitation also in the width of face between adjacent 
circuits on the metal mask itself used for screen-stencil, and its structure naturally 
according to the thickness of the metal mask itself. For example, in case it aims at 
that spacing between circuits mounts high-density electronic parts 0.3mm or less, it 
becomes difficult to draw the circuit pattern using screen printing with high 
repeatability. By the approach of carrying out the regurgitation of the metal paste to it 
using the drawing method, nozzle, or needle of an ink jet method, since direct writing is 
performed using the minute liquid drop-like metal paste which it depends for the 

minimum line width which can draw, and the minimum interval between circuits only on 
the liquid drop-like amount of metal pastes applied by injecting. Therefore, if the liquid 
drop-like metal paste which **** is made minuter, it becomes possible to apply only 
to the alternative very narrow range, for example, spacing between circuits can apply 
also to production of a high-density circuit pattern 0.3mm or less. 
[0005] In addition, if the method of drawing an ink jet method is used, also in case the 
thing which has a complicated circuit pattern configuration, for example, the thin line 
breadth section and a large solid printing field, is intermingled, since it is determined 
only in the liquid drop-like amount of metal pastes applied to per unit area, 
theoretically, the thickness becomes possible [ also attaining the homogeneity of high 
thickness ]. In addition, since the particle size of the metal powder to contain is too 
large relatively like the time of using the screen printing mentioned above when the 
conventional metal paste with which mean particle diameter will use a metal powder 
0.5 micrometers or more if it becomes about several microns thickness is used also in 
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that case, sufficient correspondence becomes impossible. 
[0006] 

[Problem(s) to be Solved by the Invention] that is, the time of using the method of 
drawing an ink jet method for formation of a circuit pattern — the high drawing 
when fully demonstrating resolution, it is necessary to consider as what also has a 
particle size of the metal powder to contain detailed enough as a conductive metal 
paste to be used For example, it is necessary to use the thing containing an ultra-fine 
particle with very small particle diameter as a conductive metal paste to be used. 
[0007] What distributed to colloid the ultra-fine particle 10nm or less prepared using 
gas evaporation as an ultra-fine particle with very small particle diameter and one of 
the manufacture approaches of the ultra-fine particle whose mean particle diameter is 
1Q0nm or less at least, and its manufacture approach are indicated by JP,3-3421 1,A. 
Moreover, what distributed to colloid the ultra-fine particle whose mean particle 
diameter is several nm - about 10nm of numbers, and its manufacture approach are 
indicated by JP,1 1-319538,A using the reduction depositing method for using an 
amine compound for reduction. In order that the ultra-fine particle of the mean 
particle diameter of several nm indicated by this JP,1 1-31 9538.A etc. - about 10nm of 
numbers may maintain a colloidal state, that front face is covered with macromolecule 
resin etc. 

[0008] Also when such mean particle diameter used 1-100nm and the metal paste 
with which it consists of very fine metal particles and it considers as detailed line 
breadth and the thin thickness corresponding to it, it becomes possible to reduce 
sharply the heterogeneity of the thickness resulting from the particle diameter of the 
metal particles used theoretically. To use the conductive metal paste containing the 
ultra-fine particle whose mean particle diameter is several nm - about 10nm of 
numbers for the method of drawing an ink jet method at formation of a circuit pattern 
taking advantage of this advantage is desired. If it puts in another way, it considers as 
the conductive metal paste containing the ultra-fine particle of a gestalt suitable for 
using for the method of drawing an ink jet method, and development of the formation 
approach of a circuit pattern of using the ink jet print processes using it is desired. 
[0009] general — the mean particle diameter of several nm - a number — boiling an 
about 10nm ultra-fine particle markedly rather than the melting point, and. sintering at 
low temperature, (for example, if it being silver 200 degrees C) is known. This low 
temperature sintering is because it originates in this surface diffusion and extension 
of the interface between particles is made, as a result of becoming so large that the 
rate of occupying in the whole high atom of the energy state which exists in a particle 
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front face becomes large and surface diffusion of a metal atom cannot ignore in a 
metaled ultrafine particle, if that particle diameter is fully made small, and sintering is 
performed. On the other hand, also [ near the room temperature 1 this property will 
produce the phenomenon of forming floe, if surface [ of an ultra-fine particle / both ] 
contacts directly. The aforementioned floe formation becomes the factor which spoils 
the homogeneous improvement effectiveness of thickness attained as a result of a 
very detailed metal particle's forming a dense restoration condition. Furthermore, if 
the structure which formed floe partially beforehand mixes the effectiveness of having 
attained desired conductivity, as a whole by forming a dense restoration condition, it 
will become the cause it becomes impossible to attain a dense restoration condition 
with high repeatability. 

[0010] In addition, on a metaled ultrafine particle front face, not only the surface 
diffusion of a metal atom is more active than the usual regulus front face, but 
chemical reactivity is increasing, for example, if put to oxygen, scaling will advance 
more promptly. In that case, the advantage of the low temperature sintering in a 
metaled ultrafine particle front face is spoiled, and will not be in the condition that 
sintering between ultrafine particles can be attained without heat-treatment required 
to eliminate the effect of the oxide film formed by scaling at comparatively high 
temperature. Therefore, depending on some of oxide film formed, it becomes the 
factor which produces conductive variation. 

[0011] In case the conductive metal paste containing an ultra-fine particle is 
especially injected and applied using the ink jet method, the homogeneity of the 
amount of ultrafine particles contained in the detailed drop breathed out is 
indispensable. That is, the ultra-fine particle contained during a conductive metal 
paste serves as requirements also with indispensable it being also in the condition 
distributed by homogeneity in the distributed solvent. While holding in the container 
which is specifically attached to the ink jet printer head to be used, the coagulative 
separation of an ultra-fine particle arises, or needs to control phenomena, such as 
producing sedimentation, moreover, it comes out at the tip of a regurgitation nozzle of 
an ink jet printer head etc. not to mention the situation where the lump of the 
ultra-fine particle which is mentioned above and which carried out floe formation 
adheres not arising. Development of the formation approach of a circuit pattern of 
using the ink jet print processes using the conductive metal paste containing an 
ultra-fine particle which can avoid peculiar fault in case the ink jet method described 
above is used, are the homogeneity of high thickness, in addition can also attain good 
conductivity is desired. 
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[0012] This invention is what solves the aforementioned technical problem. The 
purpose of this invention Floe formation of the ultra-fine particle contained using an 
ultra-fine particle as a conductive medium which constitutes a conductive metal 
paste also when it is kept, Or when the conductive metal paste which distributes this 
ultra-fine particle to homogeneity is injected applied and is calcinated on a substrate 
using ink jet print processes, controlling sedimentation, the adhesion force is good and 
the shape of surface type is smooth. Moreover, it is in offering the formation approach 
of a circuit pattern which can form a low resistance and overly detailed circuit pattern 
of using new ink jet print processes. 
[0013] 

[Means for Solving the Problem] That this invention persons should solve the 
aforementioned technical problem, as a result of advancing research wholeheartedly, 
as a conductive medium which constitutes a conductive metal paste When using the 
ultra-fine particle whose mean particle diameter is 1-100nm, in case the conductive 
metal paste itself is prepared Although the stable colloidal state is desirable when 
improving coherent one-proof If the molecular layer which is contributing to 
maintenance of said colloidal state and which covers a metaled ultrafine particle front 
face remains as it is in case heat hardening of the thermosetting resin contained as a 
binder component is carried out It found out that the welding of the contact interface 
based on sintering of whenever [ low-temperature ] between [ of an indispensable 
metal ] ultrafine particles when attaining the outstanding conductivity received 
inhibition. As a result of advancing further research and examination based on this 
knowledge, while preparing the conductive metal paste itself and keeping it near the 
room temperature When preparing the molecular layer which contributes to 
maintenance of the stable colloidal state and which covers a metaled ultrafine particle 
front face and, carrying out heat hardening of the thermosetting resin of a cold cure 
mold on the other hand If it is the configuration which can remove effectively the 
molecular layer which covers said front face By the thermosetting resin (organic 
binder) component which carried out heat hardening in proper temperature Holding 
the smooth nature of the shape of surface type by using the ultra-fine particle which 
has an adhesive property with enough substrates and is distributed to homogeneity at 
colloid, and the advantage of the overly detailed circuit drawing nature by the ink jet 
method It found out that the conductivity given to the thin film circuit pattern formed 
was fully high, and it was possible to also keep the repeatability high. 
[0014] Namely, the formation approach of a circuit pattern of using the ink jet print 
processes of this invention Said conductive metal paste which is the approach a 
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conductive metal paste performs drawing formation of the circuit pattern of a wiring 
substrate, and is used using an ink jet method It is the conductive metal paste which 
comes to distribute the ultra-fine particle of detailed mean particle diameter to 
homogeneity in the resin constituent containing an organic solvent. The ultraHlne 
particle of said detailed mean particle diameter It is chosen as the range the mean 
particle diameter of whose is 1-100nm. An ultra-fine particle front face As a radical in 
which the metallic element contained in this ultra-fine particle and 
coordination-association are possible It is covered with one or more sorts of 
compounds which have nitrogen, oxygen, and a radical containing a sulfur atom. As a 
minute drop with the drawing means of an ink jet method In the process which draws 
the circuit pattern which injects and applies and consists of spreading film of said 
conductive metal paste on a substrate, and the temperature at which heat curing of 
said thermosetting resin is made at least in the spreading film of the drawn conductive 
metal paste It is the formation approach of a circuit pattern of using the ink jet print 
processes characterized by having the process to heat-treat. The thermosetting resin 
component on which said resin constituent functions as an organic binder in that case, 
and when it heats, it is desirable the component which has reactivity with the radical 
which contains the nitrogen, oxygen, and a sulfur atom to one or more sorts of 
compounds which have said nitrogen, oxygen, and a radical containing a sulfur atom, 
and that the organic solvent more than a kind is included at least. 
[0015] Furthermore, the liquid which comes to distribute the ultra-fine particle 
covered with one or more sorts of compounds which have said nitrogen, oxygen, and a 
radical containing a sulfur atom in the process which draws a circuit pattern in an 
organic solvent, The drawing means of each ink jet method is used for the 
thermosetting resin component which constitutes said resin constituent, nitrogen, 
oxygen, the component that has reactivity with the radical containing a sulfur atom, 
and the liquid containing an organic solvent. It can inject and apply on a substrate, it 
can mix with both liquid on a substrate, and can also consider as the formation 
approach of the circuit pattern characterized by forming the spreading film by the 
conductive metal paste. In addition, it is desirable to use an acid anhydride, its organic 
derivative, or an organic organic acid as a component which has reactivity with the 
radical containing said nitrogen, oxygen, and a sulfur atom. 

[0016] on the other hand , the ultra-fine particle of detailed mean particle diameter 
contain in a conductive metal paste can be consider as the formation approach of the 
circuit pattern characterize by be the particle which consist of one kind of metal 
choose from the group which consist of gold , silver , copper , platinum , palladium , a 
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tungsten , nickel f a tantalum , a bismuth , lead f an indium , tin f zinc , titanium p and 
aluminum f or the particle the alloy which consist of two or more kinds of metals . 
[0017] Moreover, sintering of said metal particles contained in the conductive metal 
paste in the spreading film further drawn in the process heat-treated in the 
temperature from which heat curing of said thermosetting resin is made at least by 
the formation approach of the circuit pattern of this invention can also be performed, 
and it is desirable. 

[0018] For example, said drawing means of an ink jet method generates air bubbles by 
heating foaming, it is a drawing means of a thermal method to perform the 
regurgitation of a drop, and the boiling point can consider the organic solvent more 
than a kind contained during said conductive metal paste to be used as the formation 
approach of the circuit pattern characterized by being the following whenever 
[ stoving temperature / of said heating foaming ]. Or by compression for which said 
drawing means of an ink jet method uses a piezo-electric element, it is a drawing 
means of a piezo method to perform the regurgitation of a drop, and the boiling point 
can also consider the organic solvent more than a kind contained during said 
conductive metal paste which uses as the formation approach of the circuit pattern 
characterized by being below the aforementioned temperature at which heat curing of 
thermosetting resin is made at least. 

[0019] Preferably, during said conductive metal paste used for formation of a circuit 
pattern, the resin constituent per ultra-fine particle 100 mass section and containing 
said organic solvent is contained in the range of the 50 - 300 mass section, and, as for 
said organic solvent, it is desirable to be contained in the range of the 20 - 270 mass 
section inside. 

[0020] As for the thermosetting resin component which functions as an organic binder 
used for said resin constituent by the formation approach of the circuit pattern of this 
invention, for example, it is more desirable that it is resin made from heat curing in 
which a heating polymerization is possible considering said acid anhydride, its organic 
derivative, or organic organic acid as a polymerization agent. 
[0021] 

[Embodiment of the Invention] The formation approach of a circuit pattern of using 
the ink jet print processes of this invention for below is explained more to a detail. 
[0022] The formation approach of the circuit pattern of this invention the main 
application Drawing with repeatability high in conventional screen printing and 
dispensing print processes [ which was not easy ] Using minimum dot-like printing, by 
the low impedance corresponding to digital high density wiring And since it is the 
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object for super-fine printing used for very detailed circuit formation and formation of 
junction between layers, The mean particle diameter is chosen as the range of 
1-1G0nm according to the line breadth of super-fine printing which the ultra-fine 
particle contained as a conductive medium makes a target, and the thickness after 
heat hardening. Preferably, mean particle diameter is chosen as the range of 2-1 Onm. 
[0023] Thus, if metal particles contact even if it is in the condition dipped into the 
distributed solvent, in case a very detailed ultraHine particle is used, when each 
ultra-fine particle adheres, condensation is caused and such floe is not suitable for 
super-fine printing which this invention makes the purpose. In order to prevent 
condensation of these particles, the enveloping layer by low-molecular is prepared in 
the front face of an ultraHlne particle, and what is in the condition of having 
distributed in the solution which dissolves a thermosetting resin component is used. 
[0024] in addition , in the formation approach of the circuit pattern of this invention , 
in case heat hardening of the thermosetting resin component to contain be carry out 
about the conductive metal paste applied on the substrate , that from which the oxide 
film be in the condition of not exist substantially , on the surface of the ultra-fine 
particle be use so that the welding in the ultraHlne particles contain as a conductive 
medium and the contact interface of those may be start . The front face of the 
ultraHlne particle itself is considering as the condition of having been covered with 
the metallic element contained in this ultraHine particle although an oxide film's does 
not specifically exist, and one or more sorts of compounds which have the radical 
which contains nitrogen, oxygen, and a sulfur atom as a radical in which 
coordination-association is possible, and an ultraHine particle makes each other the 
condition that the surface of metal does not contact directly. 

[0025] In case the compound used for covering of this front face forms a metallic 
element and coordination-association, nitrogen, oxygen, and the radical that has a 
lone-pair electrons on a sulfur atom are used, and the amino group is mentioned as a 
radical which contains a nitrogen atom. Moreover, as a radical containing a sulfur atom, 
a sulfanil group (- SH) and the sulfane diyl radical (-S-) of a sulfide mold are 
mentioned. Moreover, as a radical containing an oxygen atom, a hydroxy group and the 
oxy-radical (-O-) of an ether mold are mentioned. 

[0026] Alkylamine can be mentioned as a representative of the compound which has 
an available amino group. In addition, it is in the condition in which a metallic element 
and coordination-association were formed, that from which it is not desorbed is 
suitable for this alkylamine, and, specifically, the range of 60 degrees C or more and 
the thing which becomes 100 degrees C or more preferably have the boiling point 
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desirable [ alkylamine ] in the usual storage environment and the range which does not 
amount to 40 degrees C. However, in case sintering and alloying are performed, it is 
required for seceding from a front face promptly to be possible, and the range where 
the boiling point does not exceed 300 degrees C, and the thing used as the range of 
250 degrees C or less are usually desirable at least. For example, as alkylamine, 
C4-C20 are used, the alkyl group is chosen as the range of C8-C18 still more 
preferably, and what has an amino group at the end of an alkyl chain is used, for 
example, in case the alkylamine of said range of C8-C18 has thermal stability and is 
kept at a room temperature etc. so highly [ the vapor pressure 1 it is easy to maintain 
and control in the range of a request of content — etc. — it is suitably used from the 
field of handling nature. Although the thing of a primary-amine mold shows [ a higher 
binding affinity ] and is generally desirable when forming this coordination-association, 
the compound of a secondary-amine mold and a tertiary-amine mold is also available. 
Moreover, the compound which participates in association also has two or more 
approaching available amino groups, such as 1, 2-diamine mold, 1, and 3-diamine mold. 
[0027] Moreover, an alkane thiol can be mentioned as a representative of the 
compound which has an available sulfanil group (- SH). In addition, what is not 
specifically desorbed from this alkane thiol in the usual storage environment and the 
range which does not amount to 40 degrees C where a metallic element and 
coordination-association are formed is suitable, and the range of 60 degrees C or 
more and the thing which becomes 100 degrees C or more preferably have the 
desirable boiling point. However, in case sintering and alloying are performed, it is 
required for seceding from a front face promptly to be possible, and the range where 
the boiling point does not exceed 300 degrees C, and the thing used as the range of 
250 degrees C or less are usually desirable at least. For example, as an alkane thiol, 
C4-C20 are used, the alkyl group is chosen as the range of C8-C18 still more 
preferably, and what has a sulfanil group (- SH) at the end of an alkyl chain is used, for 
example, in case the alkane thiol of said range of C8-C18 has thermal stability and is 
kept at a room temperature etc. so highly [ the vapor pressure ], it is easy to maintain 
and control in the range of a request of content — etc. — it is suitably used from the 
field of handling nature. Generally, although the thing of a first-class thiol mold shows 
[ a higher binding affinity ] and is desirable, the compound of the second class thiol 
mold and the third class thiol mold is also available. Moreover, what participates in 
association has two or more available sulfanil groups (-SH), such as 1 and 2-dithiol 
mold. 

[0028] Moreover, alkane diol can be mentioned as a representative of the compound 
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which has an available hydroxy group. In addition, what is not specifically desorbed 
from this alkane diol in the usual storage environment and the range which does not 
amount to 40 degrees C where a metallic element and coordination-association are 
formed is suitable, and the range of 60 degrees C or more and the thing used as the 
range of 100 degrees C or less usually have the desirable boiling point. However, in 
case sintering and alloying are performed, it is required for seceding from a front face 
promptly to be possible, and the range where the boiling point does not exceed 300 
degrees C, and the thing used as the range of 250 degrees C or less are usually 
desirable at least. For example, that to which two or more hydroxy groups, such as 1 
and 2— diol mold, participate in association is more suitably available. 
[0029] In addition, in the formation approach of the circuit pattern of this invention, 
the thermosetting resin component which functions on the conductive metal paste to 
be used as an organic binder contains as an indispensable component. When this 
thermosetting resin component heated and hardens the applied conductive metal 
paste, it has the function which gives the contact between ultra-fine particles 
included, and the adhesive property over a substrate. Therefore, the organic binder 
and thermosetting resin which are used for a common conductive metal paste can be 
used. For example, it is good to choose one or more kinds of resinous principles by 
which sufficient hardening is. made, and to use them by heat-treatment at this 
temperature from the thermosetting resin component illustrated below, according to 
heating and curing temperature made into a target. Specifically as thermosetting resin, 
phenol resin, an epoxy resin, an unsaturated polyester resin, vinyl ester resin, diallyl 
phthalate resin, oligoester acrylate resin, xylene resin, bismaleimide triazine resin, 
furan resin, a urea resin, polyurethane resin, melamine resin, silicon resin, etc. can be 
mentioned. Also in case phenol resin and an epoxy resin carry out overly detailed 
circuit formation, its adhesion is good, and since hardened material physical properties 
are also suitable for a conductive paste, of course, they are especially, more desirable 
as a resinous principle used for this invention. 

[0030] although the content of these thermosetting resin component is what should 
be suitably chosen according to the whole ultra-fine particle volume and the ratio of 
the opening which exists between the particle — usually — per ultra-fine particle 100 
mass section and 1 - 30 mass section — it is good preferably to choose it as the 
range of 3 - 20 mass section, the thermosetting resin which functions as this organic 

binder in addition, the component which has reactivity with the radical which 

contains that nitrogen, oxygen, and a sulfur atom to one or more sorts of compounds 
which have the nitrogen which forms the molecular layer which covers the front face 
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of said ultra-fine particle when it heats, oxygen, and a radical containing a sulfur atom, 
for example, an organic acid anhydride, its derivative, or an organic acid — an acid 
anhydride or an acid-anhydride derivative is made to contain preferably 
[0031] This nitrogen, oxygen and the component that has reactivity with the radical 
containing a sulfur atom, for example, an acid anhydride, and an acid-anhydride 
derivative are used in order to remove the adhesion layer with a metallic element and 
the compound which has nitrogen, oxygen, and a radical containing a sulfur atom as a 
radical in which coordination-association is possible which mainly covers the front 
face of an ultraHlne particle mentioned above. That is, when it heats, as a result of 
reacting with the nitrogen in the compound which forms the adhesion layer near a 
room temperature, oxygen, and the radical containing a sulfur atom, after the reaction, 
it becomes difficult [ said nitrogen oxygen, and the radical containing a sulfur atom ] to 
form a surface metal atom and coordination-association in an ultra-fine particle front 
face, and removal is make as a result. This removal function is not demonstrated until 
it ends spreading film formation of a conductive metal paste, but it is demonstrated for 
the first time in the heating process in which heat curing of the thermosetting resin 
component to contain is performed after that. In addition, the acid anhydride or 
acid-anhydride derivative which the thermosetting resin used contains for this 
application in an epoxy resin may serve as the curing agent. In that case, in the case 
of heat curing, this acid anhydride or an acid-anhydride derivative reacts with the 
compound which has said nitrogen, oxygen, and a radical containing a sulfur atom, for 
example, an amine compound, thiol compounds, a diol compound, etc., and is 
consumed also as a curing agent to an epoxy resin etc. besides being used in order to 
form an amide, thioester, and ester. Therefore, it is good to add exceeding the addition 
which becomes settled according to total of the end amino group contained in the 
above-mentioned amine compound, thiol compounds, a diol compound, etc., a sulfanil 
group (- SH), and a hydroxy group. In addition, for example, in order that the end amino 
group of an amine compound may also react with an epoxy resin etc., the content of 
this acid anhydride or an acid-anhydride derivative is chosen suitably, also taking 
classes, such as alkylamine to be used, the class of thermosetting resin further used 
according to that content, and its reactivity into consideration. 

[0032] Therefore, at the time of heat hardening [ as opposed to said thermosetting 
resin component for the compound which covers an ultra-fine particle front face ], it 
is made to react with the component which has reactivity with the radical which 
contains said nitrogen, oxygen, and a sulfur atom in addition to thermal balking, for 
example, an acid anhydride, and an acid-anhydride derivative, the enveloping layer 
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which starts efficiently is eliminated, and an ultra-fine particle enables direct contact 
mutually. Consequently, with hardening of a thermosetting resin component, sintering 
at the low temperature which is the special feature of the ultra-fine particle itself 
advances, as a whole, a metal particle is in the condition with which it was filled up 
densely, the welding by sintering can be attained, and the precise network-like flow 
path formed gives good conductivity. 

[0033] As long as the aforementioned reactivity is shown, the organic acid anhydride 
used, its derivative, or especially an organic acid is not limited. As an available organic 
acid, for example, a formic acid, an acetic acid, a propionic acid, butanoic acid, The 
straight chain or the branched saturation carboxylic acids of C1-C10, such as a 
hexanoic acid and octylic acid, And an acrylic acid, a methacrylic acid, a crotonic acid, 
a cinnamic acid, a benzoic acid, Unsaturated carboxylic acid, such as a sorbic acid, 
and oxalic acid, a malonic acid, In addition to various carboxylic acids, such as dibasic 
acids, such as a sebacic acid, a maleic acid, a fumaric acid, and an itaconic acid, it 
replaces with a carboxyl group. A phosphoric-acid radical (-O-P (O) 2) Or the organic 
acid of others which have a sulfonic group (-S03H), such as phosphoric ester and a 
sulfonic acid, can be mentioned. 

[0034] moreover, as a derivative of the organic acid anhydride which can be used 
suitably, or an acid anhydride Phthalic anhydride, trimellitic anhydride, pyromellitic 
dianhydride, anhydrous benzophenone tetracarboxylic acid, Aromatic series acid 
anhydrides, such as ethyleneglycol bis(anhydrotrimellitate) and glycerol tris 
(anhydrotrimellitate), A maleic anhydride, a succinic anhydride, tetrahydro phthalic 
anhydride, methyl cyclohexene-dicarboxylic anhydride, An anhydrous methyl 
NAJIKKU acid, an alkenyl succinic anhydride, hexahydro phthalic anhydride, Aliphatic 
series acid anhydrides, such as annular aliphatic series acid anhydrides, such as 
methyl hexahydro phthalic anhydride and a methyl cyclohexene tetracarboxylic acid 
anhydride, the Pori adipic-acid anhydride, the Pori azelaic-acid anhydride, and the 
Pori sebacic-acid anhydride, can be mentioned. Also in this, methyl 
cyclohexene-dicarboxylic anhydride, methyl hexahydro phthalic anhydride, and these 
derivatives are suitably used from having moderate reactivity to the end amino group 
of an amine compound etc. also in the heating curing temperature low in comparison 
which this invention makes the purpose, for example. 

[0035] In the formation approach of the circuit pattern of this invention, the 
conductive metal paste to be used Although heat hardening processing is performed 
after spreading, in case [ that ] it applies The ultra-fine particle which prepared the 
enveloping layer of a molecule in said front face The resin constituent of a solution 
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configuration, In namely, when [ the thermosetting resin component which functions 
as the above-mentioned organic binder, when it heats ] It should distribute to 
homogeneity in it by using as a dispersion-medium object nitrogen, oxygen and the 
component that has reactivity with the radical containing a sulfur atom, for example, 
an organic acid anhydride, its derivative or an organic acid, and the solution that 
contains the organic solvent more than a kind at least. In case the organic solvent 
used in that case prepares a resin constituent, it has a function as the solvent, and 
the organic solvent which is not eluted in the adhesion layerx>f compounds, such as an 
amine compound which has covered the front face of an ultraHlne particle to be used, 
is used suitably. 

[0036] Although the thing of a different class can also be used for the organic solvent 
used for two sorts of these applications, it is desirable to use the same organic 
solvent. In addition, although the class is not limited as long as it can use for two sorts 
of aforementioned applications, solubility, such as the compound which forms the 
adhesion layer on the surface of an ultra-fine particle, for example, alkylamine etc., is 
too high, and it is desirable to choose not the solvent that has a high polarity to which 
the adhesion layer on the front face of an ultra-fine particle disappears but a nonpolar 
solvent, or a low polar solvent. In addition, by the formation approach of the circuit 
pattern of this invention, it is desirable after spreading to have thermal stability in 
extent which this organic solvent can transpire a conductive metal paste 
comparatively promptly in the temperature which performs heat hardening, and does 
not cause a pyrolysis etc. in the meantime. Moreover, in case detailed Rhine is formed, 
in order to use the ink jet method and to inject and apply a conductive metal paste as 
a minute drop in the process of the spreading, it is also necessary to maintain in the 
suitable liquid viscosity range for the above regurgitation, if the field of the handling 
nature is taken into consideration, near a room temperature, it will not transpire easily 
— comparatively — alike — quantity — boiling point nonpolar solvent or low polar 
solvent, for example, a terpineol, a mineral spirit, a xylene, toluene, ethylbenzene, a 
mesitylene, etc. can use suitably, and can use a hexane, a heptane, an octane, Deccan, 
a dodecane, a cyclohexane, cyclooctane, etc. further. 

[0037] Therefore, the content of this organic solvent is made to choose it as amounts, 
such as said thermosetting resin component which it should dissolve, an organic acid 
anhydride, its derivative, or an organic acid. During said conductive metal paste used 
for formation of a circuit pattern, the resin constituent per ultra-fine particle 100 
mass section and containing said organic solvent is contained in the range of the 50 - 
300 mass section, and, as for said organic solvent, it is usually desirable in that case, 
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to be contained in the range of the 20 - 270 mass section inside. This resin 
constituent can also contain a curing agent, a hardening accelerator, and the addition 
component of which others are further used widely as a thermosetting resin 
component the above-mentioned thermosetting resin and if needed. For example, the 
thermosetting resin in which a heating polymerization is possible is desirable as a 
polymerization agent (curing agent) using an organic acid anhydride or its derivative. 
[0038] The ultra-fine particle of detailed mean particle diameter contained in a 
conductive metal paste can choose suitably the particle which consists of one kind of 
metal chosen from the group which consists of gold, silver, copper, platinum, palladium, 
a tungsten, nickel, a tantalum, a bismuth, lead, an indium, tin, zinc, titanium, and 
aluminum, or the particle of the alloy which consists of two or more kinds of metals 
according to the purpose in that case. For the usual purpose, the particle which 
consists of metals which are excellent in the electrical conductivity of itself, such as 
gold, silver, copper, and platinum, is used in many cases. In addition, in case an alloy 
particle is used and what has the melting point of this alloy higher than the 
heat-curing temperature of a thermosetting resin component is usually used, the 
effectiveness of this invention is demonstrated. 

[0039] By the formation approach of the circuit pattern of this invention, it injects and 
applies so that it may become the pattern configuration which targets the conductive 
metal paste containing these components on a substrate as a minute drop using the 
ink jet method. The pitch diameter of the dot applied is chosen as the range of 10-20 
micrometers, corresponding to target minimum line width and Rhine spacing, and it 
combines with selection of the pitch diameter of this dot, and said minute amount of 
drops becomes settled naturally. That is, in case the regurgitation of the minute drop 
is carried out using the ink jet method, in order to be dependent on the engine 
performance of the ink jet printer head itself to be used, the printer head which suits 
the amount of drops made into the purpose is chosen and used for the minute amount 
of drops. For example, in case the amount of average drops is made into the range of 
2-100pl, the nozzle bore for regurgitation is made to correspond to it, and is chosen 
suitably. 

[0040] in addition, the conductive metal paste which forms the spreading film, 
although it comes out into a resin constituent beforehand not to mention the ability to 
take the gestalt which draws using the ink jet method after considering as the 
conductive metal paste which comes to distribute the ultra-fine particle of detailed 
mean particle diameter to homogeneity For example, it is also possible to divide into 
the liquid which distributed the ultra-fine particle in the organic solvent, and the liquid 
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containing the component which constitutes other resin constituents, to apply these 2 
liquid separately as a minute drop, to mix with both liquid, and to consider as the 
spreading film of a conductive metal paste. In case the conductive metal paste coating 
film forming method of this 2 liquid hybrid model is used, alignment control of the 
nozzle for the regurgitation of each ink jet printer head to be used is performed so 
that dense contact and superposition of both drops may be attained, moreover, the 
amount of drops of both liquid comes out in the condition that mixing was made, not to 
mention adjusting so that each component may serve as a content ratio considered as 
a request. Then, it heats and heat curing of a heat-curing resinous principle, and the 
low temperature sintering and welding between ultra-fine particles serve as 
substantially the time of using the conductive 1 liquid type metal paste mixed 
beforehand with the same thing. 

[0041] In addition, in case the conductive metal paste of this 2 liquid hybrid model is 
used, in order to inject and apply separately the liquid which distributed the ultra-fine 
particle in the organic solvent, and the liquid containing the component which 
constitutes other resin constituents, it is necessary to choose each liquid viscosity as 
the range which can attain the proper regurgitation. When the amount of the organic 
solvent contained in each depending on the case is totaled, as compared with the 
amount of the organic solvent in the conductive 1 liquid type metal paste mixed 
beforehand, it may increase more, but in order to reduce to the content ratio of the 
organic solvent which becomes suitable in the heating process of under spreading film 
formation or after spreading film formation, and the back in that case, it is desirable to 
establish the process which transpires an organic solvent. 

[0042] Moreover, there are two, the thermal method which carries out the 
regurgitation of the ink using heating foaming (bubble), and the piezo method which 
performs the regurgitation of ink using a piezoelectric device, in the ink jet printer 
head to be used, and any approach of said thermal method and a piezo method can be 
used for drawing by dot-like injection and spreading of the metal particle paste to be 
used by the formation approach of the circuit pattern of this invention. Depending on 
the method of the ink jet printer head to be used, it is necessary to prepare the liquid 
viscosity of the conductive metal paste to be used for example, the addition of an 
organic solvent is adjusted, and it is desirable the range of 0.5 - 30 Pa-s and to 
choose the last liquid viscosity as the range of 1 - 5 Pa-s preferably. Moreover, when 
using a thermal method, the boiling point needs to choose an organic solvent lower 
than whenever [ stoving temperature / of a thermal method ] as the organic solvent in 
which heating foaming (bubble) is possible, and a concrete target. 
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[0043] In the formation approach of the circuit pattern of this invention The 
conductive metal paste which chose the presentation which suits in case the ink jet 
method described above is used By putting into the liquid pool (container) of an ink jet 
printer head, applying the shape of detailed Dodd described above, and making it each 
dots overlap mutually Desired minimum line width to the pattern of the large range 
does not depend on the configuration of a pattern, but circuit formation can be 
performed in the same precision. In addition, it also has the advantage which can 
choose thickness with , a high degree of freedom by performing spreading of two or 
more layers also about the circuit thickness formed. Furthermore, it becomes possible 
to form them in the same precision into the circuit pattern produced in the same 
process, also in case it has the field where design thickness differs. 
[0044] On the other hand, the conductive metal paste into which it is put by the liquid 
pool (container) of an ink jet printer head A room temperature Or in case it is kept, it 
sets in the range of the upper limit temperature assumed. Since the reaction with the 
end amino group of the organic acid anhydride described above and the compound 
which covers a metal particle front face etc. does not advance substantially, In the 
conductive metal paste of this invention, in order to carry out heat hardening of the 
thermosetting resin component to contain, unless it heats to predetermined 
temperature, molecular layers, such as an amine compound which has covered the 
front face of an ultraHine particle precisely, are maintained by stability. Formation of 
the natural oxidation film of the front face of the ultra-fine particle which the 
coherent one-proof at the time of storage is maintained highly, and is based on the 
oxygen molecule in moisture or atmospheric air is also controlled by the operation. In 
addition, the contained ultraHlne particle produces the variation in distributed 
concentration neither by coagulative separation nor sedimentation, without adhering 
to the nozzle section for regurgitation and causing the variation in a coating liquid drop 
measure, since a uniform distributed condition is maintained until it is breathed out. 
[0045] 

[Example] Below an example is shown and this invention is more concretely explained 
to it. Although this example is an example of the gestalt of the best operation of this 
invention, this invention does not receive limitation according to this example. 
[0046] (Example 1) The conductive metal paste (ink) of a silver ultrafine particle was 
prepared using the ultrafine particle dispersion liquid (trade name: independent 
distribution ultrafine particle perfect silver and Vacuum metallurgy) of the silver 
marketed, and the dispersion liquid of a silver particle with a m^an particle diameter of 
8nm which contains the dodecyl amine 15 mass section as the silver particle 100 
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mass section and alkylamine, and specifically contains the terpineol 75 mass section 
as an organic solvent. 

[0047] Conductive metal ink was used as each component which forms per silver 
particle 100 mass section in the dispersion liquid and dispersion liquid of a silver 
particle, and a resin constituent, as an acid anhydride, resol mold phenol resin (the 
Gunei Chemical Industry Co., Ltd. make, PL-221 1) was mixed as the 6.8 mass sections 
and thermosetting resin, and mixed the toluene 35 mass section as 5 mass sections 
and an organic solvent, stirred methyl hexahydro phthalic anhydride (Me-HHPA), and 
attained equalization. After considering as the condition mixed and acquired that the 
silver particle distributed to homogeneity in the resin constituent, the prepared 
conductive metal ink was filtered using the mesh-size:0.5micrometer poly tetrapod 
ethylene filter, and processing except the air bubbles currently mixed was performed. 
In addition, the liquid viscosity of the prepared conductive metal ink is 10 Pa-s. 
[0048] Subsequently, the ink cartridge of the print head of an ink jet method was filled 
up with conductive metal ink [ finishing / degassing bubble processing]. The printer of 
dedication was equipped with the print head filled up with this conductive metal ink. In 
this example, printing nature was verified about the both sides of a thermal method 
and a piezo method as a print head of this ink jet method, respectively. In a thermal 
method and a piezo method, the average volume of the drop injected is 4pl(s) and 
4pl(s), respectively. Therefore, printing of the average outer diameter of 16 
micrometers and the shape of a 18-micrometer dot is possible respectively by 
injection and spreading of this drop. In each of a thermal method and a piezo method, 
5 micrometers of thickness and a straight-line pattern with a line breadth of 100 
micrometers were printed by the ink jet method on the glass substrate using this 
conductive metal ink. The thermosetting resin contained in the conductive metal ink 
on a glass substrate by performing two steps of heat treatments for 210 more 
degree-Cx 60 minutes for 150 degree-Cx 30 minutes was hardened after this printing. 
[0049] Items, such as line breadth, Rhine spacing, surface surface smoothness after 
heat curing, and thickness, were measured after heat-curing processing, and the 
printing nature was evaluated. The repeatability of the configuration and dimension of 
the drawn pattern is very high, and does not have a change with a target, and is stable, 
the change of line breadth is max under the consistency of dot-like printing which is 
alike, respectively and can set of said thermal method and a piezo method (resolving 
power), and the conditions of 600dpi and 720dpi (dots per inch), and it is said 10% or 
less of diameter of a dot, and, more specifically, some contraction is [ the variation in 
3 micrometers and thickness of the average thickness of a certain thing ] 20% or less 
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in connection with heat curing. In addition, the blinding of the conductive metal ink in 
the regurgitation nozzle section of the print head of the used ink jet method was not 
produced at all, either. In addition, the specific resistance of the metal circuit pattern 
obtained by the aforementioned two-step heat treatment is 2.8x10-5. High 
repeatability showed omega-cm and a good value. 
[0050] 

[Effect of the Invention] By the formation approach of a circuit pattern of using the 
ink jet print processes of this invention In case a conductive metal paste performs 
drawing formation of the circuit pattern of a wiring substrate using an ink jet method, 
the conductive metal paste to be used It is the conductive metal paste which comes 
to distribute the ultra-fine particle of detailed mean particle diameter to homogeneity 
in a resin constituent. The ultra-fine particle of detailed mean particle diameter It is 
chosen as the range the mean particle diameter of whose is 1-100nm. An ultra-fine 
particle front face As a radical in which the metallic element contained in this 
ultraHlne particle and coordination-association are possible It considers as the 
condition of having been covered with one or more sorts of compounds which have 
nitrogen, oxygen, and a radical containing a sulfur atom. On the other hand, a resin 
constituent The thermosetting resin component which functions as an organic binder, 
and when it heats, nitrogen, After considering as oxygen and the component which has 
reactivity with the radical containing a sulfur atom, for example, an organic acid 
anhydride, its derivative or an organic acid, and the thing that contained the organic 
solvent more than a kind at least A conductive metal paste is made into a minute drop 
with the drawing means of an ink jet method. In the temperature at which heat curing 
of said thermosetting resin is made at least in the process which injects and applies 
on a substrate and draws a circuit pattern, and the spreading film of the drawn 
conductive metal paste As a result of forming a circuit pattern through the process to 
heat-treat, it combines with heat curing of a thermosetting resin component. A 
reaction with an organic acid anhydride, its derivative, or an organic acid removes the 
compound molecular layer which covers an ultra-fine particle front face. Since the 
conductive layer of the shape of a network which is made to perform welding in the 
low temperature between ultra-fine particles, and has precise electric contact is 
formed In connection with using an ultra-fine particle, it has the advantage which can 
produce the wiring circuit which shows the conductivity which is a high precision and 
was excellent in the pattern of detailed line breadth with high repeatability. In addition, 
it accompanies using the conductive metal paste of said configuration, and the high 
flow stability which is not acquired in the flow path by contact of a mere particle and 
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its repeatability can be secured, further, since the resin which carries out heat 
hardening is included, the adhesion force over a substrate is also good and, moreover, 
printing production of the super-fine circuit which the variation in thickness does not 
have substantially, either can be carried out simple. 
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*&^BB*$*brv5o IfrMspl 1-31953 

fcfflfeSrfiJfflbT, ¥*»Wftnm~»10nmSit 

n ^ K«tC^» bit t © i 
^■^H^$^XV>5 0 11-319538 
#^ft^M*$*bS¥*Mft : F-S»nm~jB:l Onm 

[0008] Z<D£o tiW-teffi^'feft l-100nmi 

&£(D^m-&*±mizmfctz>z.b&Bimbte?> 0 r 

IJA U Wtt'Tff AHfc n m~^C 1 0 n mggf 
30 ir/S5M*tt5„ Ife^f-Sftbtf, 

[00 0 9] HStlJWfiSn m~i( 1 0 n 

«, *-cfctttf2 o o°o tf«a&i-5rias*De>ti,-cv^ 
d . <Dmmtfcmm$L bi#ft v < ft 3 

IS*. r©*ffifetSc{c^Hb-C. «t^-tB2©ffiB©il# 
frte£thm&t v <7t>tiZ>tzibXhZ 0 —35, ^©'ttK 

mmte-tzb, mmfr^m-fzbi'^mmtttkc^ 

±Sb*^Sft5SBtft5 0 ^btc, 3feft^E*^«8*^ 
50 SSftSS:. ^«)S^Wl^tBfefrS:^bfc*3tiSiftA-r 



5 

[0 0 10] iOx.t\ &*©i(BWa : f*ffi"?tt, fi^© 
*$ix5i:«tt))S^Mc*iBlft{k*sjtm-S. -trough 

[001 1 ] #^ w is*, y vfe^mm lx, &m 
[0012] *mwt*mz<Dmm&te&:-rz>b<D-c # 

«fe«r*iJffli-aiiII5^<*- v«»gfifcfrft4rli{IW-5 r £ (c 

[0 0 1 3] 

h ZMf&l-zmn&t&fck LX. Wlft^AS 1 ~ 
1 00nm©&«M&^£ffl^5»£\ #ffitfe£JR^ 
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[0014] -f *^0j©-r >^ v?i ?/ hTOJi* 

^^JfflLT, SMttt&JR'*-;* h{Cti9ia^S«© 

\^ mmte¥-m£*&<D&mmmL*%®-\z5mhx 
ttzm-mi&m^-xbx'fr'o, 

(D&mf&W&rt-tS.. -?:©¥*&fii-7-M^5 1 ~ 1 0 0 n m© 

■c, mm, mm. -<*v-m*z^t!m&m-rz>ik&®)i 

30 ««±(cii9^a*nTioi9, h^©JS 

^ffiK-rsxst, »®$^fc2imtt^s-<-^ h©^ 

©^^■fe-CfeSo -t©BR, SfflSttffllM^tt, 

m. mmmm, mm. ^^m^^m^m-mt^- 
40 ®imsx±^MLx. ^(omm, mm, jx-vm+frs 

[0015] $f>^(4, iHiK^-^taB-rsia^ 

mwzftmhxtezmb. mmmmmzmm-tz. 
mmmmffefoto. mm. mm. <i*vm-&&ti*b 

50 Pfjft*r*K±fcJsv^-CjBfPU 
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x, mntii&m^-x h\zx aa**^**-* - 1 £ 
5o 4*5, mmmm. mm. ^^m=f-t^stsmt<os. 

fc\±£ft-fZf&ftt LT, #8&Z>l&M*4&*fcW:*:©S& 

[0 0 16] hfc-&#S*bS, 
l^fc¥^^©£JHfflW5frm, ffi, S3, 6 

-rsr £^x*#5„ 

[ooi7] *mw<D®ms<?—><DBf&]jm-<: 

[0018] 0iJxfi\ >fV^i?i s> h^^HirlBiSH^ 20 

^^n5-««±0#B8»SI«:, iiufB© 

£tf»R«<ktt»lli©fR«S?^^/j:$ix5iaft£tTT 30 
*> 5 r £ Sr«H» fc+a @»/-«#->©3g<**ife £ -r 5 r. 

[0 0 19] £?£L<t4, 0^<*-^©?£/&{CfflV^ 
h4>, &JS»fe^l 0 0S*SfS 
Sfc 15 , tteftttt^^tfttflffldtotf, 5 o ~ 3 o 

o w*$©ikb r^n, awB*«B^iu±, 20 

~2 7 0®*SP(D^H-e^*ttTv^r U\, 

[0 0 2 0] *|g^»(H]Sg/^->©^^feT-{4, m 

[0021] 

[0 0 2 2] ^^©H^/^-VWffM^i&W:, ^© 
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fig, *IBSS^©^l^i]ffl $ti5S7 r ^ vHUBOT-cfe 
©filffiCifc CT, ^©^^Sfi 1 ~ 1 0 0 n mCO^ 

[0 0 2 3] ~ co i 5 (~, 

&»K^|i]±;$sg$rr5£, #*©£JRig«SiT-^ft-3f 
tS^iWOWIfc^t, J: * 

©^ffitcig^{ci SttMtrRlt. «HSfbtt»Jli^ 
fcJWfrf 6** I Pfc^£ftfc:|Ktt £ ft o TV * 5 fc © 5r 

[0 0 2 4] *^PJ©IhI8§^^ — ^©^fifc^fe 

**tttt*i LT^*rs^fli8»tt^|Hl±, ^© 

Sfi^b^tt^&Lftv^©©, ^a^a^RjeiStt^ 

(^^tL5^«5c*£BH{4Wft«g-g-^WfgftS£ Lt, 

[0 0 2 5] r©*s©SS}-fiJffl$^5fk-§-#itt, & 
^js^±fcBii:«^^-rs*^fijffl-r5t©T% «y 

5 0 -T^-'>JS^-^-Btffi£ LTii, 7^7?=^ 

X (-SH) , ^yv^-f Kl©^;V7r>v 5 'f;i'I (- 
S-) tfmfbtiZ* *fc, ^*^^tfS£LT 
(4, t Kb*VS, ^-^/WM©^-^->S (-O-) ^ 

[0 0 2 6] fljffl pTfgftT 5 7 36S:*i-Sfk#*©ft* 
£ LT> TVWr/KT 5 ^Sr^»f S ^ £ ^T't S 0 ft*5, 
a>i»57M^7 5 V(4, ^5EH £ EffiWftfe-g-SrJK 

iS6 0ta±©iH, ffSKiii 00°C«±£ft^t> 

WMt^ bMj$L-rz> r £ 75s *imx°$> Z Z £ as^S 

iit", 2 5 0^T©iSH£ft5t>©##*LV\ ^Jx. 
(i, TAs^/lsT LT, j e©T/l'=¥^Stt, C4~ 

C 2 0/5Sffiv>Pjtb, Jf)lC»*L<liC8~C18Wl 
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(Dtfm^btlZo 01Jx.fi, HuteC 8~C 1 8©fSfflCDT 
*fc, 1 , 2-^75 >i, 1 , 3-^75 t\ 

[oo2 7] nwnWiL^flsy 7 -K^k (-S 
h) %ii-rz>ik'g-v>)<Dixmt lt, TWyf-*— 

t>, A«5c*4:Efitt«l4»#«r»*Lfc«llT?, 
{fcWSt^, JM£Wiai, 4 o°ciciiLftv^|g-ei2, jk 

# * L < (4 1 0 0 °C^± £ 4 5 fc <Dtm~k LV \ fcfc 

jk-*- s ^ t # wefc a r i A^it-fc <o , '>4 < t 

T©^ffli45t>©/$ 5 #3: Lv\ 0tJx.fi, T/w^y^^- 

— A-iLT, ^<DTl^)Vmt. C4-C2 0»^ 
tl, $ WJS L< fiC 8 ~C 1 8 ©$&fflf£)l^£ft, 
T/V^r/H^iD^tCXyU^r^^S (~SH) ^rWi"-5 
t^fflV^tua. 0'Jx.f£, HtjfEC 8~C 1 8<75^B© 

fc«Et &ifi*?T?isMff-r3Ki, 

HRf-*-/wffl© J: *> flSv LV * 

4 if©, ~SX±.(D7./l>7T~^g: (-SH) ^^(CH 

[0 0 2 8] 5pJffl-5TI64t Kndrv-S^-rs^ 

G-WKDiXmt LT, 7;^y-yt-;u5rilf5ri:^ 
4*5, M»57;i/*yi?t-A"b, ^TC^tlB 

icifi, 4 0 o ClcjiL4v^ll-eii, JJfc8IL4v^<oj5S£f 
ST?*)*), »^iS6 o < CW±©»5ffl, i o o*ca 

T0#5ffl £45 LV\ fcfc*U 

ffeSri #&3S-eab 9 , '>4 < £ t , 3 0 0t 

«ri@x.4V*KB, 2 5 0'C«T©<6Hi:45't>© 

t>w$.u>\ mtui, i, 2-y't-;i/i^t < © > 

[0 0 2 9] J0X.T, *IS0J©lHl8S^^ — y©W*fe 
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T©*D^afcJ; 19 , -HJ-4flMtiS4$tt5»JJ|^*- 
10 lffiSUA±8WLT?iJffl-r5i:«kV\ JRtiK 

7^ u- h^jjji, ^t-y =i*.x7-,v7? y U— HtJil, 
^i^vtrre, i^f 5 k h y Tv^wra, 77>i 

JJI, ^yrwjig, #!J9^ytti, ^7?y«, •> 
y-^jji, ijK*->»jigtt, j@W4iHjs§B^^-r5 

20 LTJ;9*?-4bV'"bwcfc-5o 

[0 0 3 0] zfr&H!HKffctt»flSji!c#©£«tt, 

3~2 oK»SB©jeH^a^i-5i x\>\ zcom 

[0 0 3 1 ] nco^*, K*, ^^-^mT-Sr-atfSico 

Sa#iS-Ctt##JBSr^ LTV^ft^^f <D, S*, 

«i^iBfc*5V>T, |RB»^^£IH^4^^^ 
^-TSr t*SfflJit/j;0 N *£ilMlc|&*^4$n5o ' 
©^*J^Bg«, ^ffiJ4&«-<-^ J-©»*«e^^«r^T 
-T 64T*filSJ*$tt-f, ^©m, $WS*v5JR«{ttt» 

^v^jn4£*T*ii, fri>>zm&x"amznz>Mm7)<-®% 

50 ^©l^tctt, z©|g*l*«5*fcttife«l*«WJt#frtt. Sft 
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mt<on. wmmm, mm, ^**«cf-*-£trj£*:*r-r 

l--attt5*i^T5 /S, x;V7 7^H (— S H) , 
-faiJ:v\, fc*?, 09*. li, T^yft^iO^lgT?^ 

>?j:t*<Dwmb, ^(D^m^cr, mm 

[oo3 2] t£ox, ^mmmL^-^m^m-r^it-^ 
mmm-m^x, mmmm, mm, ^^-<ym^^ts- 

x, &mmL*itmcftmLtzyimx\ m&^xzmm 
[oo33] Buffi©KJStt^^-rps •? , mm^Kz^m 

& ^f/H/ii:'©Cl~Cl 0©jtt«*fctt^L 

fc«a?p* ^<$>m, ft hmz.r ? y ^m, tttytys 

h>m, v-^&m, y^^ym^f 
(nTfmau^yWL, tehmc s -y^tm, -^v>m, 

^m\Zftz_X, V>m& (-O-P(O) (OH) 2 ) fcav^ 

(4, x/ufcg; (-so 3 h) £#-ra, y^^^.x/K * 

[0034] t.tc. &m^mx$ z^mvmMTkM-b 
i,<itmm^<Dm^t lx, fekT^ut, «7kh 

Kc h y ^Dt- h) , ^y-feo— ^ h y * (r>t K 
p h y p« y t- h) * if <D%m%§kmfcVo. mtk-vw-t 

7l£, «7k^/^®L 7 1 h7 t Kn**7^^ 

^U7^if7ii*», *°y t*5w vst**^ *°y 
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-t/^i'iB**** t^mmmmm^m^m-f a 
[0035] ^mm<D\B}^<9—y<Dm^m^isv^ 

[0 0 3 6] ^©n«©ffi^{^v^ix5#«^»ltt» 

wfflT? # 5 ps «9 , ^c^eiipat^ns t <oT?tt*v" 
&mmwu*<Dmm^ttmmzw2}&^x^^ik& 

*Stt^JS-<-^ h 7^ v^ic y hfe^^Jffl LT, m 

y ^^ttoiBSr^it-f at, ^?fi#ST*(4^B(-^m-r 

40 5iiOftV\ JtKWt-i«^^^^tt^?riJ*)a^{4{S 
^fv-l/V, h/V^V, ^^-/wo^^, ^-7f 1/7 

[0037] a»a»5#«s0H©£tf*ri, ^^sjaw-r 
ommfch a v «»#wtt^ ^011*0 ras? $ -yra 0 
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rnGmfeMzstsmmmmmK 5 0 ~ 3 0 0 w*mc± 
^.mx^n. ffimftmmmi*. 20-270® 
m^mmx^^tix^ *s r. t tmt. u \, r. <d®m®. 
mmt, mm&mmitk&k lx. ±&vm&<k&mm 

[0 0 3 8] -t©RS, MC^$tb 10 

©38*£T-£, B#»OSCt\ jSHSW-t-Sr t^-c*t 
2>„ ii^^SWTii, IS, M, e&fcJT, ^rtvgfr 

[0039] *%W(DlBl&s<?-><Djtmijmr^ r 

s> hfc>¥*9&£l 0~2 0 //mW^HtvlStRL, 

-<Dh*-y h<D¥-%m<Dmmizm:x, mmwrnffim 

rtUtt, ¥^SI*Sr2~l 0 0 p I (D^mk-f&m, 
[0 0 4 0] ^B(t:J&*-r5*«tt&*'<-* 

±x% m*mm Lxmw-r zmn& k 5 40 

m^mmkvxm^u nm&wta^x. mmvk&m 
-<-xh<Dmfcmk-rz>zki>^mxfoz> 0 
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©ri:TfcS„ ^©l£, iPfRU fKa5E{b«WS^»©JRHS 
[0 0 4 1] APxT, A»d»53a!S^SI©9l«tt&JR^ 

mmmMfm. '&<DtmjM\z$>^x. smtftz 
m%mm<D^mttmixm-fztctb. mm/mam** 

[0042] *fc, fijffl-rs-r^^v'^y h -T-y^^ 
. y KtHt, *p?Ragf& (/^v^ immvx4>7 

**&fS*!iS*:» 0. 5~3 0Pa • s <£>®H, $f*L< 
{i, l~5Pa • s©$ffllCigtR1-5r <t#g*LV\, 

■So 

[0 0 4 3] *«W©leIK^<^->©?g^fe^*iV^-C 

•yb-yV>#--^y K©JS8 l-Att, MIS 

■f K? K«©**«rfTV\ # by bfrm^M. 

t£<o-&j£o^-tz>^kx\ mm&M'bi&mfrtb. jkv^ 
mm<D/i?-—>$.x\ s<?~><D&mz.feb-r, mem 

®&mm\mLxh. mmm^m^^fto^kx, i^v^ 
s&mxmm&mvix'zzm&zhft-rzo zbiaz, 
m-nm^^^x^m.^fh^M^<^-^^K, m^m 

[0 0 4 4] — ^ ^y^v'iy h • V^— • 



15 

setoff? L^fc*, Jfwmm-Wk&m^-* mc 
&v n t, ^ztizmmik&mmf&ftzmmmt-r&tc 

rJrfc<Di&m*xtomL^^<0 , ^Me»i^coS 
*«|^$^^o ^©^ffl{c±<9, {^HfWWSliltttt 

©Pal, ^-^«c^li^iHI«f$HTV^«Z)T% etmffl/ 

[0 0 4 5] 

[0 0 4 6] (IttJl) mig^tlTVN^ffi^®!^ 

3t£i£# (») ) , JWWllctt, OOfi 
T/W^^T 5 V i: LT, Kt* ->/WT 5 > 1 5 gfi 
SIS, #»W£LT, ^-f^*-/U7 5|»»«r*tf 
8 nmW^S^iD^^^IJffl LT, ffigfft 

[0 0 4 7] 3M»±£JR>f 

*©^»JS«t'O<Si»ia^i0 0K»95Sfc«J., ttMg 

y^tt KnjfeK7^;vt (Me — HHP A) £6. 
8fCJ;gB, SSSMbttHMli: LT, l/'/-*fi7x/-^ 
MB (ft) CI. pl-2211) £5®» 

«HS»Bi:bT» h^V3 5 Sffigfli: U 

fmwzfm&¥&®-\zttLtz*mti,iz®. ism 

SiV/fc*«tt£Jl-f * S/ v-^*^ X : 0 . 5 At 

ALTV*S«*&£lfc<8!a£i£Ui:. fc*s, PM^tt/c 

10 Pa • sffeS. 
[0 0 4 8] &VT, -f ^ y h^^OOT'll > h • 

Ate 4 p 1 &£>tft;:4 p 1 Tfc3„ {fot, r»?g?g<7? 
■Jttt • i&fiTldJ; 9 , 16/mDi bt^l: 
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Jg^^&ffl^T, #7;*glg±f£, UgJ¥_5j«m, 10 
£,15 0°CX 3 05), Ht-2 1 0°CX 6 O^CDZlISPg 

[oo4 9] n^b&sm, 1MB, ^^ram, sasifb 

<£>^/$ (£#fE) , 6 00 dpit 720 dpi ( K y 
h/WfO ©»Tt\ ft*T\ SWBKy hS©l 0 

t©cO x ^Z*9^Jf:(i3./am, Rg©A7y*ll2 0%£t 
TT**>-6„ APX.T, ffll^>'^v ? i5'hMW7 , !Jy 

2. 8 x i o" 5 q • cmtgjfftit*, m^^um.&r° 

[0 0 5 0] 

^-^^tfeLT^S^tt^JR^-^ hTfc«9, «*ffl 
30 ^^m^W^SS^-f-Ji, ^CO¥^^/5 s l~ 
1 0 0 nmW^Ht'Si^^tt, ^JRjg^S^Bfi, /i^ 

«JllElft4fe», IW/^^-i LT«t6-t-5fR«Sfktt 
StoRlSttSrWi-a^, 

&±©*HJ©WSrSf t © <t Lfc±T, >f v^m s/ 
LT, S«±tcPtM • ^*LT, mVt'<*-Z'i:Wm+ 

■tz&m, mLimmmi&ftaymiikKm-x. &mm 
50 m*i&m-z><DX\ &mjmm-*mm-*zz.b\z\ft 
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(72) mm^ mm 

(72)38W# iffl 

Mo < tf m^3t^ 5 T S 9 SO 3 



F ^ — J± 2C056 EA04 FA03 FA04 FB05 

4J038 CF001 DA041 DA101 DA141 
DA161 DB001 DD181 DJ021 
DL031 GA02 GA08 GA13 
HA066 JA02 JA03 JA12 
JA37 JA39 JB03 JC02 JC12 
KA03 KA06 KA08 KA20 NA20 
PA19 PB09 PC03 PC08 
5E343 BB22 BB23 BB24 BB25 BB28 
BB34 BB40 BB44 BB48 BB49 
BB72 BB76 DD14 ER33 ER39 
FF02 GG02 



